The pH, PCW and bicarbonate levels were measured in 178 pleural effusions grouped according to preset criteria into various diagnostic categories. The pH and Pcoz were found to vary widely, the ranges being 6.80 to 7.60 and 26 to 126 mm Hg, respectively. The effusions associated with pneumonia (parapneumonk effusions) showed the most widely varying values of pH. Apparently the pleural fluid pH has predictive value for the course of parapneumonic effusions. Therapy consisting of antibiotics and thoracentesis alone was inadequate to effect resolution of any of the five parapneumonic effusions with a pH of less than 7.20. None of these five effusions was grossly purulent. On the other hand, all 19 parapneumonic effusions with a pH greater than 7.20 resolved with antibiotic therapy, without tube drainage. The mean pH of tuberculous effusions was significantly lower than the mean pH of malignant effusions. When these two possibilities exist, a pH below 7.30 is highly suggestive of tuberculosis, while a pH greater than 7.40 is highly suggestive of malignancy. It is concloded that the measurement of pleural fluid pH is useful in the diagnosis and management of pleural effusions. raditionally only the cell count, sugar and protein Tand sometimes the lactic dehydrogenase ( LDH ) level of pleural fluids are measured in an attempt to determine the etiology of the effusion.' These measurements are of value primarily in the differentiation of transudates and exudates. Recently, several investigators2-7 have pointed out that measurements of the pH and the Pcoz may be useful in the differential diagnosis of pleural effusions. Holten2 reported that the pH of four tuberculous pleural fluids was less than 7.00, while the pH of 13 malignant pleural effusions averaged 7.42. Moline and Hamelin-Paris3 found that tuberculous ascitic fluid in guinea pigs had a low pH and a high carbon dioxide tension (Pcoz). Moline et a14 found that the mean pH of 26 tuberculous pleural fluids was
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raditionally only the cell count, sugar and protein Tand sometimes the lactic dehydrogenase ( LDH ) level of pleural fluids are measured in an attempt to determine the etiology of the effusion.' These measurements are of value primarily in the differentiation of transudates and exudates. Recently, several investigators2-7 have pointed out that measurements of the pH and the Pcoz may be useful in the differential diagnosis of pleural effusions. Holten2 reported that the pH of four tuberculous pleural fluids was less than 7.00, while the pH of 13 malignant pleural effusions averaged 7.42. Moline and Hamelin-Paris3 found that tuberculous ascitic fluid in guinea pigs had a low pH and a high carbon dioxide tension (Pcoz). Moline lower than the mean pH of 26 malignant pleural effusions of recent onset. In addition, they found that the pH of 11 purulent effusions was low and that the PCO~ was very high. Funahashi et a17 found a Pcoz of over 250 mm Hg in an empyema.
In order to further evaluate the utility of these measurements, a prospective study of a large number of pleural fluids with varying etiologies was undertaken.
Pleural fluids ( 178) from 171 different patients on the medical wards of The Johns Hopkins Hospital and The Good Samaritan Hospital between April 1, 1970, and Oct. 1 ,1971 , were used for this study. More than one fluid from a given patient was used only when the patient had bilateral pleural effusions or was seen on different occasions, with an interval of at least two months. The following precise criteria were established prior to the beginning of the study to divide the patients into the various diagnostic categories.
The diagnosis of malignant effusion required that the malignancy be demonstrated in the pleural cavity by pleural biopsy, cytopathology or autopsy. When a pleural effusion in a patient with roved malignancy was believed to be due to tumor but could not be documented as above, it was classified as "probable malignancy." Malignant effusions known to have been present for more than three months were termed "longstanding" malignant effusions. All other malignant effusions were called "recent" effusions.
The diagnosis of congestive heart failure as a cause of pleural effusion required: ( 1 ) an enlarged heart; ( 2 ) an elevated central venous pressure or distended neck veins and pitting edema or a ventricular cardiac gallop; ( 3 ) the absence of pulmonary infiltrates, purulent sputum, thrombophlebitis, and pleuritic chest pain; and ( 4 ) evidence of uncomplicated congestive heart failure on the basis of the autopsy report, or the clearing of the effusion in response to a therapeutic cardiac regimen.
The diagnosis of tuberculous pleuritis required: ( 1 ) a demonstration of Mycobacterium tuberculosis by pleural fluid or pleural tissue culture, or ( 2 ) granulomata on pleural biopsy ( open or closed ) .
The diagnosis of pneumonia with effusion required an acute febrile illness with purulent sputum and pulmonary infiltrates in association with a pleural effusion. These effusions were termed "parapneumonic effusions."
All effusions were classified as transudates or exudates. Throughout this paper the term "transudative effusion" will refer to an effusion which is believed to result from alterations in the systemic or pulmonary vascular pressure or from changes in the serum oncotic pressure. Effusions due to uncomplicated congestive heart failure are in this category. Effusions classified as "other transudates" are those clearly due to nephrosis or cirrhosis.
Throughout this paper the term "exudative effusion" will refer to an effusion which is believed to result from direct involvement of the pleural surfaces themselves. Exudative effusions not due to malignancy, tuberculosis, or pneumonia were classified as "other exudates." This group included effusions clearly due to pancreatitis, collagen vascular disease, pulmonary emboli, postmyocardial infarction (Dressler's) syndrome and trauma. The diagnosis of pulmonary infarction required arteriographic demonstration of pulmonary emboli.
At least 10 ml of pleural fluid was withdrawn anaerobically into a heparinized glass syringe and taken immediately to the laboratory for duplicate measurement of pH (IL Model 113 pH meter or Radiometer model PHM-72). Pleural fiuid P,-oz was determined in all but 25 effusions, using a Severinghaus P(s02 electrode in conjunction with the IL or Radiometer readout device. The bicarbonate concentration of pleural fluid was calculated assuming a pKa of pleural fluid equal to 6.10 and a carbon dioxide solubility coefficient equal to 0.0301 mEq/mm Hg or the same as plasma values.
Arterial blood gas levels were determined in all patients in whom an abnormal pH or P~o z was suspected or in whom pleural fluid pH was less than 7.30. The serum bicarbonate level was measured as the total CO:! in mixed venous serum.
A white blood cell count and differential count were performed on each fluid.
In an attempt to discover the mechanism responsible for the low pH and high P,.oz in some effusions, these parameters were serially measured in 20 fluids, incubated anaerobically at 37°C for several hours. In order to evaluate the necessity for the immediate measurement of the pH and P,.o:! in pleural fluids, these parameters were measured in eight fluids immediately after withdrawal and again after maintenance of the fluid anaerobically at O°C for several hours. Table 1 groups the 178 effusions studied by underlying diagnoses. The category "diagnosis unknown" at the bottom of the table includes all those patients in whom the etiology of the effusion was never clear or in whom the pre-established diagnostic criteria were not met. The most probable diagnoses in these 24 patients were: viral pleuritis, seven; congestive heart failure plus purulent sputum, six; effusion after operation, five; probable congestive heart failure (no autopsy), two; probable tuberculosis, two; and probable pulmonary infarction, two. Figure 1 shows the pH of the effusions grouped by diagnostic category. Each point represents one pleural fluid. The pH ranged from 6.80 to 7.47, while the concomitant arterial blood pH was within normal limits except for those associated with the three fluids represented as open circles. The tuberculous, longstanding malignant and parapneumonic effusions had a lower pH than did the recent malignant or other exudative effusions, which in turn had a lower pH than did the congestive heart failure or other transudative effusions. Exudative effusions generally had a lower pH than did transudative effusions.
The parapneumonic effusions had the most widely varying pH. The pH was not correlated significantly with the white blood cell count of the fluid ( r = -.004). In five parapneumonic effusions the pH was less than or equal to 7.20, and these five (Table 2 ) comprise a very interesting group. None of the five fluids was grossly purulent; the white blood cell count in 2 was less than 1,000 cu mm. The pleural fluid glucose level was not reduced. However, bacteria were seen on the Gram stain of the fluid in two of the cases, and cultures were positive in four of the five. Three of these patients died, and autopsy findings showed empyema in each. The fourth recovered, but his hospitalization was prolonged, and insertion of chest tubes was required. The fifth patient was the one patient with a parapneumonic effusion with a pH of less than 7.20 but with negative pleural fluid cultures. The pH of his pleural fluid was less than 7.00 on three separate thoracenteses. With the administration of antibiotics including penicillin he became clinically well, but the effusion never disappeared completely. Three months later, this patient was readmitted to the hospital with fever and was found to have empyema, from which cultures subsequently grew pneumococci. On the other hand, negative cultures were found in all 19 parapneumonic effusions with a pH greater than 7.20. The mean pleural fluid protein and white blood cell count in these effusions were 4.4 gm/100 ml and 17,000 cu rnm, respectively. All 19 of these effusions resolved without t h e initiation of tube drainage.
The tuberculous effusions as a group had a low pH, and not any one of them had a pH greater than 7.40. The recent malignant effusions had on the average a higher pH than did the tuberculous effusions. In contrast to the tuberculous effusions, over 50 percent had a pH greater than 7.40. On the other hand, 50 percent of the tuberculous effusions had a pH of less than 7.30, while only two of the malignant effusions had a similarly low pH. Moreover, both of these recent malignant effusions with a low pH were huge, with opacification of the entire hemithorax and a shift of the mediastinum towards the contralateral side. Many of the longstanding malignant effusions had a relatively low pH.
The pleural effusions associated with congestive heart failure had the highest values of pH. All but four had a pH greater than 7.40; three of these (represented by the open circles in Fig 1) were associated with systemic respiratory or metabolic acidosis, and in these patients the pleural fluid pH was within 0.04 pH units of the serum pH.
In Figure 1 it is also noted that of the 17 other -exudates, which included six secondary to pancreatitis, four secondary to pulmonary infarction, and one each secondary to hemothorax, postmyocardial infarction (Dressler's) syndrome, hepatitis, systemic lupus erythematosus, actinomycosis, fractured rib, and rheumatoid pleuritis, three had a pH of less than 7.30. The three were a rheumatoid effusion (pH, 7.13), a hemothorax of ten hours' duration (pH, 7.17) and a bloody effusion ( Hct, 4) secondary to a pulmonary infarction (pH, 7.29). Table 3 summarizes data for the pH, Pcoz and calculated bicarbonate levels of the pleural fluids studied. It is readily seen that those groups with a low mean pH had both a higher mean Pcoz and lower mean bicarbonate level than those with a high mean pH. The Pco2 of the pleural fluids varied markedly, with a range of 26 to 126 rnm Hg. The mean Pcoz of tuberculous, parapneumonic and longstanding malignant effusions was higher than the normal arterial Pco2. In any particular category, variations in the pH depended more on variations in the Pco2 than on variations in the bicarbonate. The significance of the differences of the means of these three parameters is summarized in Table 4 .
The anaerobic incubation of 20 different pleural fluids at 37°C resulted in markedly different rates of CO2 accumulation and pH change. The incubation of one malignant effusion for three hours was associated with a rise in the Pco2 from 53 to 122 and a decrease in the pH from 7.38 to 7.06. On the other hand, the incubation of one tuberculous fluid for 6?4 hours was associated with a rise in the Pc02 from 60.3 to only 62. 4 and a fall in the pH from 7.19 to 7.18. There was no correlation between the rate of C 0 2 accumulation and the Pco, at the time of thoracentesis. There was no significant correlation between the rate of pH change on incubation and the pH at the time of thoracentesis. The rate of change of pH on incubation was correlated with the number of white blood cells in the fluid ( r = .506; p<.05).
The pH of eight pleural fluids maintained anaerobically at 0°C for eight or more hours did not change more than 0.02 pH units during this period. These eight fluids included two of those with the greatest rate of pH change during incubation at 37°C.
The determination of pH and Pc02 of pleural fluid must be made with the same care as with arterial blood. The fluid must be withdrawn anaerobically, then maintained at O°C until these parameters are measured. Harichaux6 and Moline3 have stressed the importance of measuring the pH of pleural fluid within minutes following thoracentesis. The present study indicates that this is not necessary if the fluid is kept at 0°C. Under these conditions, a delay of even several hours does not result in a significant change in pH. Falchuka found that the pH of joint effusions changed very little over several hours if the fluid were maintained at O°C. However, it should be emphasized as shown in the incubation studies that a lag of even 30 minutes at a higher temperature can result in a substantial rise in the Pcoz and fall in the pH.
The nomenclature presently associated with the pleural effusions accompanying pneumonia is somewhat confused. We have defined parapneumonic effusion as a pleural effusion in association with an acute febrile illness in which pulmonary infiltrates and purulent sputum are present. This definition includes those pleural effusions secondary to pneumonia and lung abscesses, whether the pleural fluid is serous or frankly purulent. A pleural empyema means pus in the pleural space, but how many polymorphonuclear cells per cubic centimeter are necessary to make the pleural fluid pus? Vianna,g while discussing effusions associated with pneumonias, stated that since all such effusions have a preponderance of polymorphonuclear leukocytes, they are all empyemas. Most prefer to reserve the designation "empyema" for those pleural fluids which are frankly purulent.
It is well known that most parapneumonic effusions resolve with no undue delay, with only the administration of antibiotics after diagnostic thoracentesis. Other effusions which appear quite similar at the outset do not respond to the same therapy. By the time it is recognized that one is dealing with a patient who is unresponsive to antibiotics and thoracenteses, the effusion may be frequently loculated, and complete drainage of the pleural space is dscult, if not impossible. It is therefore important to be able to predict which parapneumonic effusions are going to behave as empyemas in order that chest tubes may be placed before the fluid has become loculated. Various characteristics of the pleural fluid have been used as indicators that chest tubes will be needed for the resolution of a given parapneumonic effusion. These characteristics include frankly purulent fluid, numerous organisms on Gram stain of the fluid, positive bacterial culture of the fluid, low pleural fluid glucose levelsg and degeneration of the polymorphonuclear leukocytes. This may be recognized by the appearance of blurring and loss of the normal staining pattern of the nuclei and by vacuolization and loss of granules in the cytoplasm.1°
Apparently pleural fluid pH may be another parameter that has predictive value for the course of a parapneumonic effusion. Therapy consisting of antibiotics and thoracentesis alone was inadequate to effect resolution of any of the five parapneumonic effusions with a low pH. Although all of these patients ultimately developed pleural fluid which was positive on bacterial culture, organisms were apparent on Gram stain in only two of the effusions initially. The glucose levels in three of the four fluids in which measurements were made were over 100, and the glucose level was 65 mg/100 ml in the fourth. None of these five pleural fluids was grossly purulent.
Viannag recommended the institution of closed tube drainage in all patients with parapneumonic effusion in which the pleural fluid white blood cell count was greater than 15,000 and the pleural fluid protein level was greater than 3.0 gm1100 ml. These criteria appear to result in the unnecessary institution of closed tube drainage in a substantial proportion of the patients with parapneumonic effusion. The 12 of our patients who met these criteria but had a pleural fluid pH greater than 7.20 recovered promptly without chest tubes.
The observations presented indicate that the measurement of the pleural fluid pH can aid in the management of patients with pneumonia and pleural effusion. We suggest that the immediate institution of closed tube drainage should be strongly considered in all patients with pneumonia and effusion if the pleural fluid pH is less than 7.20. Sequential measurements of pleural fluid pH may be helpful in gauging the effectiveness of repeated thoracenteses.
Why should the pH of a parapneumonic effusion be of use in predicting its course? Sbarra and Karnovskyll found that phagocytosis by guinea pig polyrnorphonuclear leukocytes was associated with an increase in CO2 production from glucose via the hexosemonophosphate shunt, and also an increase in lactate production via glycolysis, both of which would tend to lower the pH. It is possible that the phagocytosis of bacteria or bacterial products by the leukocytes in the pleural cavity results in the lowered pH even when the bacteria are so sparse that they are not evident on Gram stain.
During the initial evaluation of the patient, the etiology of the pleural effusion is frequently obscure. The present study indicates that the measurement of the pH of the fluid offers some help in the differential diagnosis of pleural effusions, particularly if the principal diagnostic possibilities are tuberculosis and malignancy. The present results, as do those of Holten2, M~l i n e~.~ and H a r i c h a~x~*~ indicate that when these two possibilities exist, a pH of greater than 7.40 is strongly against the diagnosis of tuberculosis, and a pH of less than 7.30 is strongly against the diagnosis of malignancy, provided the effusion is of recent origin. If, however, a malignant effusion has been present for more than three months or if the malignant effusion is huge and associated with a mediastinal shift, a pH of 7.30 may be observed.
What is the explanation for the varying pH values of pleural fluid? In Table 3 it is seen that a low mean pH is associated with both a high mean Pcoz and a low mean bicarbonate. Bicarbonate levels appear significantly different, particularly in those comparisons in which congestive heart failure effusions or other transudates are involved. A possible explanation for this difference is that the patients with transudates have had diuretic therapy and have de- veloped a metabolic alkalosis. Evidence to the contrary is shown in the last column of Table 3 , which reveals that the mean serum bicarbonate levels are essentially identical for all categories. It thus appears that in those effusions in which the pleural fluid pH is low, the P m is increased and the bicarbonate level is decreased to account for the low pH. The decreased bicarbonate concentration reflects some degree of accumulation of fixed acids in the pleural fluid.
It was surprising to us that the Pcoz can be so markedly elevated in pleural fluid. Carbon dioxide is so readily diffusable that a relatively constant CO2 tension is commonly assumed to exist in all tissues. Harichaux6 studied the Pcoz of isotonic mannitol solutions injected into the peritoneal cavities of guinea pigs. He found that the PCO~ of the injected mannitol reached that of the arterial blood within 15 minutes and that changes in the arterial Pcoz induced by varying minute ventilation were reflected within minutes in the peritoneal fluid. On the other hand, Falchuke recently reported values of Pcoz above 90 mm Hg in rheumatoid joint effusions.
The incubation studies were undertaken with the expectation that the pleural fluids with an initially low pH would have a very high in vitro CO2 production, and that the rate of CO2 production would correlate with the in vim P m and pH. However, this hypothesis was not borne out. There was no correlation between the PC@ at the time of thoracentesis and the rate of in vitro COz production at 37OC.
Two other possibilities exist to explain the lowered pH and the elevated Pcoz in some pleural effusions. First, the pleural surfaces themselves could be responsible for a greatly increased CO2 production. This appears to be a mechanism responsible for the elevated CO2 and reduced pH of rheumatoid joint effusions.12 Second, the pleural surfaces themselves could be altered in such a way that the transport of CO2 out of the pleural space is hindered, either due to their relative impermeability or low blood flow. The thickened and relatively avascular pleural surfaces resulting from the use of sclerosing agents for control of malignant effusions provide an obvious example.
Although pleural fluid 0 2 tension measurements were not an integral part of this study, we did determine oxygen tension (Por) in some of these fluids. The results were variable, but in general the Poz was lower in exudates than in transudates, and was usually less than 10 mm Hg when the pH was below 7.30.
The observations presented here clearly indicate the diagnostic usefulness of pleural fluid pH determination. The mechanism responsible for the development of a lowered pH in various pathologic states remains poorly understood.
